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TECHNICI,L SUMKARY

LASER SCA,"ER STUDIES:

During this quarter the laser cell scanner had been used to characterize

a number of solar cells made in various materials. The cells were provided by

J.P.L. and were identified as:

1. RTR 850D-2 0.4 9. Wacker Control W-11-8 11.7

2. RTR 868C4 1.7 10. CSI 1-852-52 9.9

3. WEB RE 12-3.3.-2 9.8 11. CSI 1-860-46 5.7

4. WEB J 65-3.4-10 8.9 12. CSI 1-852-23 5.5

5. WEB RE 24-1.5-7	 (BSF) 7.7 13. CSI 1-852-41 9.9

6. WACKER W-11-3 8.7 14. EFG 8 8.4

7. WACKER W-11-17 10.2 15. EFG 28 10.3

8. WACKER W-4-4 10.6 16. EFG 36 7.1

In the figures I-1 to 16-1 typical cell traces are shown. In each case

the photo current is plotted horizontally, increasing current to the right,

and the position of the illuminated spot is plotted vertically. The fingers

of the collection grid show up as dips in the response curves. Each cell has

at least two traces taken, one at 1/3 and a secomd at 2/3 the distance along

the collection fingers. (See Fig. 1) These scans are performed with a Helium-

Neon Laser @ .6328 microns wave length.

If the cells show any unusual features at .6388 microns further scans

are run using the green and blue wave lengths of an argon ion laser. Because

of the shorter wave lengths, the penetration depth is considerably less

(i micron as compared to 3 microns). The short wave length scans tend to

show surface and shallow defects in cells. The longer wave length radiation
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scans tend to show deep defects and or poor diffusion lengths.

To improve on capabilities in this area, we are going to provide .93

micron radiation for greater penetration depths in the near future in order

to get more information with respect to diffusion length and the variation

of diffusion length ever a cell's surface.

Of particular interest is the RTR cell whose responses are shown in

Figures II-1, 2, 3, 4. Figure II-1 and II-2 are scans across the finger

pattern in the usual manner. It should be noted that these figures have

current scales lox smaller than typical cells such as Figure III-1. That

is, the photo current is reduced by factors of 10 or more than typical cells.

The photo current is seen to be a maximum near the fingers. This is quite

unusual behavior and indicated extreme problems with the junction collection

efficiency. The short wave length scan Figure 11-2 shows even more pronounced

effect near the fingers.

Scans were run in perpendicular direction to the norm. That is, a scan

was taken in the direction of the fingers. This is shown in Figure 11-3 the

buss bar of the finger pattern is on the left and, as usual, current is

plotted down (to the right of the page). In this case our normal current

sensitivity is used. We see that the cell has a more or less normal current

response near the buss bar and essentially dies suddenly as one precedes away

from this area. The scan at the bottom of the 11-3 Figure is in the normal

direction (across the fingers) but quite close to the buss bar. Again this

scan is essentially the same as a normal cell. Therefore, the RTR cell

which has a measured efficiency of 1.7e at AMI actually has only about 1/5

of the cell active. The active area of the cell actively has an efficiency

of about 8.5.
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ELECTRON BEAM-I %DUCED CURRENT STUDY:

The Cambridge "stereoscan" scanning electron microscope (type 96113

Kark 2A), suitablv modified was used in our work. Faculties to take photo-

graphs and also record EBIC currents exist.

In our work planar p-n junctions were analyzed. A theory for the EBIC

current based on the analytic solution of the ambipolar diffusion equation

under the influence of electron beam excitation parameter z (which As related

to beam penetration) the junction depth Z j , the beam current and the surface

recombination velocity s.

The theory was tested using a junction with differing junction depths

and results agreed closely. Big 17 shows an EBIC picture of the shallow and

deep parts of the device tested.

The effect of scribing was then examined. This caused the EBIC to dip

almost to zero at the scribe. (See Fig. 18)

The effect of a grain boundary was then studied. The current dip was

found to be much less drastic at the grain boundary than at the scribe. It

was possible to estimate the effective diffusion length at the grain boundaries

or rather put an upper limit on their values. We found that the ballooning

effect of the beam as it penetrates the specimen was the limit in resolution.

Hence, we determined that the "diffusion length" in the grain boundary region

was less than 2 microns.

1Ne therefrom estimated the equivalent grain boundary recombination velo-

city 5 
g 

to be in the region 1000 to 3000 Cm/s. The analysis was based on a

n

piecewise linearization technique developed from the theory derived.

It was also recognized that humps in the current dip would be attrib

to non-verticality of the grain boundary. (See Fig 19.)
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A lot of scope for future work exists, primarily in the area of solving

the 3-dimensionally ambipolar diffusion egn. near a grain boundary under

electron beam excitation.

References: (1) Subramanian S. Lyn
Electron Beam Induced Current in a p-n Junction
4aniu Thesis UCLA (1978)
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	 Fig. 17 - °GIC pictures of deep (light and
shallow portions of a p-n junction.
Magnification: x20
Bean Voltage:	 19 FIN.
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